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Develop an effective cleaning method that will produce a surface free of spores 

by using a CO2 composite spray system to remove sub-micron particles

1. Construct, assemble, and test CO2 jet cleaning method

2. Demonstrate and validate its ability to achieve sterility on hardware material 

surfaces

3. Evaluate and select an optical analytical method for surface sub-micron particle 

cleaning verification

4. Demonstrate and verify cleaning effectiveness for sub-micron particles

Objectives
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Pre-Cleaning
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Simulates natural fallout

Aerosol Deposition (Dry Deposition)
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Droplet Deposition (Wet Deposition)
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CO2 SnoPen Lab Set Up
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CO2 SnoPen
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coupon holder

SnoPennozzle
with handle

© 2016 California Institute 

of Technology. 

Government sponsorship 

acknowledged.



ÅPropellant (N2) temperature = 130ºC

ÅPropellant (N2) pressure = 40 psi

ÅCO2 beam diameter = 1.5 mm

ÅCO2 concentration = 1.3 ï1.65 lbs/hour

ÅAngle of incidence = 45º

ÅDistance from nozzle to substrate = 0.5 inch

ÅSpray pattern = uni-directional, horizontal/vertical

Å# of passes = 3

ÅTime = 8 to 10 minutes

Optimal Process Parameters Defined
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Spore Colony Counting
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Tryptic Soy Broth Sterility Test
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Å FluoSpheres® Aldehyde-Sulfate Microspheres, 

1.0µm, yellow-green fluorescent (505/515), 2% 

solids

Å FluoSpheres® Carboxylate Modified 

Microspheres, 0.5µm, yellow-green fluorescent 

(505/515), 2% solids

Å FluoSpheres® Sulfate Microspheres, 0.2µm, 

yellow-green fluorescent (505/515), 2% solids

Fluorescent Polystyrene Microparticles
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Microscope Set Up
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Zeiss Mosaix

Scanning and Image Stitching
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ImageJ particle counting



ImageJ Analyzed ImageScan Image

Aerosol Deposition Pre-cleaned image

1µm Fluorescent Particles on Nitinol
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